This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



PATENT SPECIFICATION (U) 1469930 

© (21) Application No. 48730/73 , (22) Filed 18 Oct. 1973 
05 (23) Complete Spedfiotfod fflod 11 Oct. 1974 
ft (44) Complete Sp«ficati»^ 

(51) INT CX'DOIF 9/12 

(52) Index at acceptance 
H C1A J 24 * J 2 t 3 J 244 J 24<; J 290 J300 J301 J383 J384 J387 

lill It™ J4 J6<H J 613 J 614 J 631 J«2 J633 J685 
Joeo J693 

(72) Inventor* RFES TERENCE KEITH BAKER, ROBERT JOHN 
WATTE and RONALD BRIAN THOMAS 

(54) IMPROVEA1ENTS IN OR RELATING TO CARBON 
FILAMENTS 




10 



W C UNITED KINGDOM 
ATOMIC ENERGY AUTHORITY, London, 
a British Authority, do hereby declare the 
invention, for which we pray that a patent 
may be granted to us, and the method by 
which i it is to be performed, to be particu- 
larly described in and by the following state- 
ment:— 

This invention relates to a method of grow- 
ing carbon filaments. 

It is taown to grow carbon filaments of 
less than 10 mjcrons length bv decomposition 
acetylene on a catalyst in the" form of meal 
panicles earned by an inert substrate (see, 
' /lo^^St* Jourual of Ca«Iya's 26, 51— 62 
yi 72 t T hc fiJamcnts are observed to grow 
beneath the panicles, which ultimately lose 
contact with the substrate. It is believed that 
tftis mode of formation arises from a tempera- 
ture gradient created by exothermic decom- 
position of the acerylene to carbon and diffu- 
sion of the carbon down the Temperature grad- 
ient and through the particles so that prccipi- 
tanon of carbon at the rear of the particles 
builds up a deposit of carbon, constituting the 
filaments, and forces the particles away from 
U M^ Xt "l} e sa ^ aa ^ <* such filaments 

of W ** core 

of amorphous carbon. • 

LJXL 1 " 76 T. fmnd ** above known 
method may be improved by controlling cer- 
tainprocesj parameters within defined ranges. 

, P" 5 ™ 1 - ^tion provided a 
»^od of growing carbon filaments which 
comprises decomposing an acetylene or a di- 
olefin to give carbon on. a catalyst for the 

,n ^ f0nn of P^tides which 
are earned by an inert substrate, the decom- 
P^uon being carried out at a SpeSwre 
wdun the range from 675'C to 775»C and 
« an acetylene or diolefin pressure within dS 
nnge from 0.5 mm He to 200 mm ZZ 

»^SLT hK 5 " ^^ically decompile 
£ r i?*TL lmder »bovc conditions and £ 

a^ d ?on^L P r rraeable " C,rbOD 



The specific conditions of temperature and 
pressure in tbe present method may, quite 
surprisingly, give rise to a considerable im- 50 
provement in filzmcm diameter and in number 
of individual fibres per filament compared with 
the abovementioned known method wherein 
those specific conditions are not used. We 
have found that the tempera run: range of 55 
675 °C to 77 5° C is independent of pressure 
within the above stated pressure range. Our 
preferred temperature range is from 700 °C 
to 750°C 

If the pressure is greater than 200 mm Hg, 60 
polymerisation may take place and may in- 
deed take place within the above stated range. 
Thus, we prefer that the pressure is in the 
range from 0.5 mm Hg to 100 Hg. 

fl y "acetylene" we include acetylene itself °5 
(C,H,) and aJso substituted acetylenes, though 
we prefer to use acerylene itsdf, Thc preferred 
diolefin is 1.3 - butadiene. 

We have obtained our best yields of carbon 
filaments when the acetylene or diolefin is 70 
passed over the particles and at flow rate 
m the range from 10 ml/min to 40 ml/min. 
Flow rates outside of this range have been 
found to give inferior yields, 

-In this context, we have have also found 75 
that jt may be advantageous to pre-heat the 
acetylene or diolefin before passing over the 
particles. Thus, we have found that there is 
a dramatic increase in yield when acetylene 
itself is P«heated to a temperature in the 80 

°* 650 before being passed over the par- 
odes. This advantage appears to be indepen- 
dent of the nature of tbe catalyst particles. We 
have also found that prc-heating of acetylene 85 
may give give rise to a dramatic increase in 
tbesurface areas of the filaments produced. 

The acetylene or diolefin used in the pre- 
lent method may contain additives such as 
free chlorine, free oxygen or free hydrogen, 90 
The presence of such additives may give rise 
to particular benefits. For example, the pre- 
sence of hydrogen may increase the surface 
areas of the filaments produced. '"' 
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rare, and reaction lime We found that the 
yield/reaction temperature pattern was inde- 
pendent of acetylene pressure over the range 
6 to 100 ton-; the highest yields were obtained 
5 at a flow rate of 30 cc/minurc in. a tested 
range of 18 to 150 cc/minute; and 'that' higfcK 
est yields were obtained for, a "reaction time 
of 30 minutes in i tested range of 5 to 180 
minutes. * 

10 Example 10. 

The general procedure of Example 1 was 
'repeated using a stainless steel mesh sub- 
• strate which was cleaned, before deposition 
of the cobalt, by ultrasonic agitation in an 

15 acetone bath. The yield of filaments using the 
mesh was obtained by measuring weight gain 
after 'reaction and checked against the weight 
loss* after oxidation of the carbonaceous de- 
posit in air (760 torr) at 600°C for 2 hours. 

20 The prbducts were examined in the electron 
microscope to ensure that all the carbonaceous 
deposit was indeed filamentous in nature. 

We carried out the example by passing 
acetylene, which had not been prc-hcated, at 

25 30 torr over the cobalt coated stainless steel 
mesh (0.9418 g) at 750°C for 30 minutes 
at 30 cc/minutes. We obtained a % weight 
increase of 2.245% due to deposition of car- 
bon filaments. 

30 The procedure of Example 10 was repeated 
in Example 11 to 23 but at an acetylene pres- 
sure of 60 torr and where the acetylene had 
been prc-hcated. 

The results arc summarised in the table 
35 below. 



Example 


Prc-llcating 
Tempera lure °C 


Wei glu 
Increase 


11 


350 


1.72 


12 


400 


2.27 


13 


450 


4.24 


14 


500 


4.67 


15 


525 


4.05 


; 16 


550 


5.55 


17 


575 


4.43 , 


18 


600 


3.28 


19 


625 


3.05 


20 


650 


6.02 


2! 


675 


5.52 




700 


4.24 


23 


750 


2.8<» 



The results, compared with those for Ex- 
ample 10, clearly show the value of pre- 
heating, particularly at the temperatures of 
550°C and 650°C jespectively. 40 
Example 10 was also repeated with various 
t amounts of hydrogen added to the . acetylene. 
' This was found to have little effect on the :. 
:] ultimate yield of carbon filaments. 

Example 24. 45 
The procedure of Examples 11 to 23 were 
repeated using a stainless steel mesh manu- 
facturcd by a photo-etch technique and thus 
having a highly polished surface. Filament 
yields of 12 to 16% weight were obtained. 5Q 

WHAT WE CLAIM IS: — 

1. A method of growing carbon filaments 
which comprises decomposing an acetylene or 
a diolcfin to give carbon on a catalyst for the 
decomposition in the form of panicles which 55 
arc carried by an inert substrate, the decom- 
position being carried out at a temperature 
within the range from 675°C to 775°C and 
at an acetylene or diolcfinic pressure within 
the range from 0.J mm Hg to 200 mm Hg, 60 
the acetylene or diolefin being an acetylene or 
diolcfin which is cxorhermicaJIy decomposable 
to carbon under the above conditions and the 
particles being permeable to carbon under the 
above conditions. 65 

2. A method according to claim 1 wherein 
the decomposition is carried out at a tem- 
perature within the range from 700°C to 
750°C 

3. A method according to cither of the 70 
preceding claims wherein the pressure is with- 
in the range from 0.5 mm Hg to 100 mm Ilg. 

4. A method according to any of the pre- 
ceding claims wherein the acetylene is acetyl- 
ene itself (C,H,). 75 

5. A method according to any of claims 1 to 
3 wherein the diolefin is 1.3 - butadiene. 

6. A method according to any of the pre- 
ceding claims wherein the acetylene or diolcfin 

is passed over the particles at a flow rate in 80 
the range from 10 ml/minute to 40 ml /min- 
ute. , 

7. A method according to claim 4 wherein 
the acetylene (C*H a ) is prc-hcated to a tem- 
perature in the range from 100 tt C to 750°C 85 
and is then passed over the panicles. 

8. A method according to claim 7 wherein 
the temperature is 550° C 

9. A method according to claim 7 wherein 

die temperature is 650°C 90 

10. A method according to any one of the 
preceding claims wherein the acetylene or di- 
olefin additionally contains free chlorine, free 
oxygen or free hydrogen. 

11. A method according to any of the pre- 95 
ceding claims wherein the particles are made 

of a transition metal. 

12. A method according to claim 11 where- 
in the transition meal ij iron, coMIt or nickel. 



1,469,930 



13. A method according to daim 11 or 
claim 12 wherein the substrate carries a 
deposited film which has nucleated to produce 
the panicles. 

5 14. A method according to any of claims 11 
to 13 wherein the parades have a mean dia- 
meter in the range from 100 JL to 1 j»^>;>--.: . 

15. A method according to any of 'die pre- 
ceding claims wherein the substrate is fabri- 

10 cated of stainless sted. 

16. A method of growing carbon filaments 



substantially as described herein with refer- 
ence to any of Examples 4, 5, 6 and 10 to 
24. 

17. Carbon filaments grown by a method 
^according to anvjrf the preceding claims , , 
■ "..'Jl 18. A catalysr syitem comprising a. catalytic. 
, : material .carried, by. .carbon, filaments accord- 
ing to daim 17. 

K. R. MANSELL, 
Chartered Patent Agent, 
Agent for the Applicants. 
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In the present method, the catalyst may, 
for example, comprise a transition metal such 
as cobalt, iron or nickel, or an alloy thereof, 
and is preferably cobalt. The catalyst may, for 
example, have been deposited on the substrate 
in the form of a thin film which has nucleated 
to produce . the partides; The size of the par- 
ades governs, to some extent, the diameter 
of the carbon filaments produced. The par- 
udes may, for example, have a mean diameter 
in the range from 100 A to 1 

The inert substrate is advantageously as 
smooth as possible and is preferably made 
from a very smooth stainless sted, for example, 
ia the form of a gauze. We have obtained 
our best yidds with a very smooth stainless 
sted substrate, possible because the catalyst 
. nudeates more, easily on' such a substrate. 
The present invention also fncludes carbon 
filaments grown by the present method. 

The carbon filaments produced by the pre- 
sent method may have applications as strength- 
ening materials and possibly as selective ab- 
sorption agents. They are however particu- 
larly useful as catalyst support materials and 
this invention also includes a catalyst system 
comprising a catalytic material carried by 
carbon made by the method of the present 
invention. The catalytic material may, for ex- 
ample, be a hydrogenating catalyst such as 
palladium and platinum. We have deposited 
platinum onto carbon filaments made by the 
present method by immersion in a chloro- 
platinic acid solution followed by treatment 
with hydrogen, according to a known method. 
We tested the catalytic system produced on 
the hydrogenation of benzene to cyciohcxane 
and preliminary results have shown that when 
a 1% benzene /hydrogen mixture at 1 atm is 
passed over the catalyst at 180°C conversions 
of up to 90*/, cyciohcxane arc attained after 
a single pass, the reaction being followed by 
a gas chromatographic procedure. 

The invention will now be particularly de- 
scribed in Examples 4, 5, 6 and 10v to 24 
below. Examples 1, 2, 3, 7, 8 and 9 are com- 
parative examples and not examples of the 
invention. The examples were carried out in 
the apparatus depicted in Figure, 1 of the draw- 
ings accompanying the Provisional Specifica- 
tion which is a schematic view of the appara- 
tus. 

Referring to Figure 1, a silica reaction tube 
1 is surrounded by a preheating furnace 2 and 
by a main furnace 3. A gas feed line 4 enters 
one end 15 of the reaction tube 1 and is con- 
nected to a barometrically compensated pres- 
sure gauge 5. The feed line 14 is supplied by 
three supply lines 6, 7 and 8 each of which 
has a needle valve 9, 10 and 11 and a rota- 
meter gauge 12, 13 and 14. A gas exit line 
16 leaves the other end 17 of the reaction 
tube 1 and is connected to a Cartesian Mano- 
stat (Registered Trade Mark) 18, a needle 
valve 19 and a vacuum rotary pump 20. Also, 



the reaction tube 1 is provided at several 
points with chromcl/ulumincl thermocouple* 
(not shown). 

In the operation of the apparatus shown in 
Figure 1, a specimen to be treated is placed . 
in the section of the reaction tube 1 bounded . ' 
by the main furnace 3: This' section is then . 
raised to the required - reaction temperaiure 
by means of the main furnace 3. The pump 
20 is switched on and gases arc passed along 
the supply lines 6, 7 and 8, through the needle 
valves 9, 10 and 11 and the rotameter gauges 
12, 13 and 14, and along the feed line 4 into 
the reaction tube 1 as shown by the arrows a 
If required, the gases are heated in the tube * 
1 by means of the preheat furnace 2. The 
gases pass over the specimen and then out of 
the tube 1 via the gas exit line 16, whence 
they pass through the monostat 18 and the 
valve 19 to the pump 20. The pressure is ^ 
maintained at a pre-determined level by means 
of the monostat 18 and the pump 20. This 
level is measured on the gauge 5. Gas flow 
rate values are controlled by the valves 9, 10 
and 11 and are obtained from the rotameters * 
12, 13 and 14 and rube temperature values 
from the thermocouples (not shown). 

Example 1. ■ 
Spcctographically pure cobah was 
evaporated onto a graphite substrate at 10"' 9* 
torr from a tungsten filament to produce a con- 
tinuous film of cobalt at least one atom thick. 

The cobalt carried by the substrate, consti- 
tuting the specimen to be treaied, was placed 
in the reaction tube 1 of the apparatus shuun |a« 
in Figure 1, and was healed to a reaction tem- 
perature of 525 °C Acetylene gas, at a pressure 
of .6 torr, and which was not pre-heaied, was 
then passed over the cobalt for 10 minutes 
Carbon filaments were formed by decompo- It* 
sition of the acetylene on the cobalt. 

The number of filaments per unit area' of 
substrate surface was measured and also the 
mean filament diameter. 

Examples 2 to 9. 
The procedure of Example 1 was repeated 
but at different temperatures! The results are 
summarised, in . the graphs shown in .Figures 
2 and 3 of the drawings accompanying the 
Provisional Specification where the Example \\> 
numbers are indicated against the points on' 
the graphs. Figure 2 shows the relationship 
between the number of filaments per unit area 
and reaction temperature, and Figure 3 shows 
the relationship between mean filament dia- 1 2u 
meter and reaction temperature. It should be 
noted that there is no value for Example 9 in 
Figure 3. These results dearly show the ad- 
vantages of selecting a temperature in the 
range from 675°C to 775°C as in our in- 12> 
vention. 

We repeated Examples 1 to 9 to determine ■ 
the effects of acetylene pressure, acetylene flow 
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